Reasonable prediction of medium and long term electricity demand is the prerequisite and basis for scientific power development plan. Based on the development of industries, the paper established a medium and long term electricity demand forecasting model including 33 industrial sectors and 1 resident sector. The model was utilized to forecast China's electricity demand of 2020, 2025 and 2030. The results show that total electricity demand of China will be 7505, 9100, 10343
Introduction
Reasonable prediction of medium and long term electricity demand is the basis for scientific power development plan. In China, the proportion of industrial electricity is 72%. Therefore, the developments of industries, especially the major energy intensive sectors, have great influences on the medium and long term electricity demand. Only by building the forecasting model based on the development of industry can reveal the reasons for the future changes in electricity demand as well as forecast electricity demand more accurately.
There are two types of existing medium and long-term electricity demand forecasting methods: one is based on the regular development rule of electricity demand data, focusing on the improvement of prediction model and algorithm. The main methods are regression analysis [1] , Grey prediction method [2] , neural network prediction method [3] , support vector machine prediction method [4] , combination prediction method and so on [5] . The other type is based on the correlation between electricity demand and economic and social development, building electricity demand forecasting method based on the internal driving factors that affect electricity demand, such as economic growth, structure, energy efficiency, urbanization, per capita income and so on [6, 7, 8] .
Above all, the existing literatures lack the research on the industry development and the influence on the electricity demand. Based on the development of industries, the paper established a medium and long term electricity demand forecasting model containing 34 sectors by using sector analysis method, which can lead to more scientific reasons for the future change of electricity demand and more accurate judgments on the trend of electricity demand.
Research Method
Unit Consumption Method of Product. Unit consumption method of product is applied to forecast electricity demand of 17 sub-sectors, including agriculture, mining and washing of coal, extraction of petroleum and natural gas, mining and processing of ferrous metal ores, mining and processing of non-ferrous metal ores, manufacture of textile, manufacture of wearing apparel and accessories, manufacture of paper and paper products, processing of petroleum, coking and nuclear fuel, manufacture of raw chemical materials, manufacture of chemical fibers, manufacture of rubber products, manufacture of plastics products, manufacture of non-metallic mineral products, smelting and pressing of ferrous metals, smelting and pressing of non-ferrous metals, production and supply of electric power and heat, etc. .
China's product output data mainly comes from the National Bureau of Statistics, industry associations, electricity intensity of product mainly comes from industry associations, and electricity consumption data mainly come from the China Electricity Council (CEC). Therefore, it is necessary to unify the data from different sources.
The steps of unit consumption method of product are as follows:
(1) According to the main product output and electricity intensity of product announced by the National Bureau of Statistics or industry associations to measure the main product electricity consumption.
(2) According to the main product output and electricity intensity of product historical data announced by the National Bureau of Statistics or industry associations to predict the future major product output, electricity intensity of product and the main product electricity consumption.
(3) Comparing the main product electricity consumption measured in step (1) with the electricity consumption data of the main products published by China Electricity Council and measuring the deviation of the two.
(4) Predicting future deviations from each year based on the deviations measured in step (3).
(5) Forecasting the electricity consumption data of the main products in the future, which consistent with statistical caliber with CEC, by using the statistical data of the main product and the deviation data predicted in the step (4) according to the step (2).
(6) According to the main product electricity consumption and industry electricity consumption data announced by CEC to measure how much the main product electricity consumption accounted in the industry electricity consumption historically. (7) According to the historical data measured in step (6), predict the proportion of the electricity consumption of the main products in electricity consumption in the industry for the next year.
(8) Forecast the future electricity consumption in the next few years, based on the predicted electricity consumption of the main product in step (5) and the proportion predicted in step (7) .
Unit Consumption Method of Value Added. Unit consumption method of value added is applied to forecast electricity demand of 16 sub-sectors, including mining and processing of nonmetal ores, manufacture of foods, manufacture of medicines, manufacture of metal products, manufacture of general purpose machinery, manufacture of special purpose machinery, manufacture of transport equipment, manufacture of electrical machinery and apparatus, manufacture of computers and other electronic equipment, production and supply of gas, production and supply of water, other industry, construction, etc. .
The steps of unit consumption method of value added are as follows:
(1) Calculate the historical data of electricity consumption per unit increase value according to the historical data of industry increment and industry electricity consumption.
(2) Forecast industry increment and the electricity consumption per unit increment in future years according to the historical data of industry increment and electricity consumption per increment.
(3) Forecast the electricity consumption in future years according to the industry increment and electricity consumption per increment in future years.
Time Series method. To predict the domestic electricity consumption according to the growth trend of per capital electricity consumption and the change of population. The steps are as follows:
(1) According to the historical value of per capital electricity consumption, combined with the international comparison methods, the per capital electricity consumption is predicted (2)The long-term electricity consumption is predicted according to the number of population, the per capital electricity consumption.
Main Assumptions
Population: China's population growth will slow down obviously in the future. It is estimated that the population of China will be 1418, 1446, 1452 million in 2020, 2025, 2030 year, and the population will reach the peak around 2030.
GDP: With the growth of population slowing down, GDP growth rate will gradually decline correspondingly, during the 13 th five-year plan, 14 th five-year plan, 15 th five-year plan periods, China's annual GDP growth rate is predicted to be 6.7%, 6.3%, 5.4% respectively.
Per capital residential electricity consumption: it is estimated that China's per capital residential electricity consumption are 780, 1070, 1370 kWh in 2020, 2025, 2030 respectively.
The ferrous metals industry: crude steel yield was 8.03 tons, of which electric furnace steel ratio was about 8% in 2015; crude steel yield will be about 7.2 tons, of which electric furnace steel ratio is expected to be about 13% in 2020; crude steel yield will be about 6.1 tons, of which electric furnace steel ratio is expected to be about 25% in 2030.
Non-ferrous metals industry: electrolytic aluminum production was 31.41 million in 2015, the average annual growth was 14.8% during the 12 th five-year plan period. Aluminum substitution potential is still large from medium and long term view, building, transportation, machinery manufacturing and other fields employing aluminum will maintain rapid growth. Average annual growth rate of electrolytic aluminum is expected to be 4%, 2.2% during the 13 th five-year plan period and from 2020 to 2030.
Non-metallic mineral products industry: cement production was 23.5 tons in 2015, the average annual growth was 4.5% during the 12 th five-year plan period. In the medium and long term, the cement demand of the real estate will decrease. Average annual growth rate of cement production is expected to be -1.1%, -2.3% during the 13 th five-year plan period and from 2020 to 2030.
Chemical industry: chemical industry has a wide range of products, its development is closely related with macroeconomic trends, and growth rate is gradually declining.
Medium and Long Term Electricity Demand Forecasting Results
The growth potential of China's electricity demand is great, but the growth rate of electricity demand will decline significantly after 2020. During the 13 th five year plan, China's economy will maintain steady and rapid growth, the level of electrification will improve steadily, and electricity demand will maintain rapid growth. After 2020, China will gradually enter the post industrialization stage, the industrial growth will slow down, making the electricity demand growth dropping. The total electricity demand of China is forecasted to be 7506, 9100, 10343 TWh in 2020, 2025 and 2030 respectively. The average annual growth rate will be 5.7%, 3.9% and 2.6% during 13 th five-year plan, 14 th Five-year plan, and 15 th five-year plan periods. The power elasticity coefficient will be 0.86, 0.63 and 0.48 respectively.
The electricity demand of primary industry will be 122, 138, 147 TWh in 2020, 2025 and 2030 respectively, the average annual growth rate will be 3.2%, 2.5% and 1.3% during 13 th five-year plan, 14 th Five-year plan, 15 th five-year plan periods. The electricity demand of secondary industry will be 5152, 5864, 6206 TWh in 2020, 2025 and 2030 respectively, the average annual growth rate will be 4.4%, 2.6% and 1.1% during 13 th five-year plan, 14 th Five-year plan, 15 th five-year plan periods. The electricity demand of tertiary industry will be 1124, 1551, 1998 TWh in 2020, 2025 and 2030 respectively, the average annual growth rate will be 9.4%, 6.7% and 5.2% during 13 th five-year plan, 14 th Five-year plan, 15 th five-year plan periods. The electricity demand of residents will be 1109, 1548, 1992 TWh in 2020, 2025 and 2030 respectively, the average annual growth rate will be 8.8%, 6.9% and 5.2% during 13 th five-year plan, 14 th Five-year plan, 15 th five-year plan periods.
In the secondary industry, the electricity demand of energy intensive industries will grow at a low rate, and other non-energy intensive industries have great potential for electricity demand growth. The electricity demands of non-metallic mineral products and ferrous metals industries will decreased annually by 0.5% and 2.8% during the 13 th five-year plan period, will decreased annually by 1.4% and 2.0% during the 14 th five-year plan period, and will decreased annually by 2.1% and 1.8% during the 15 th five-year plan period respectively. The electricity demands of the chemical and non-ferrous metals industries will be on an upward trend, with the average annual growth rate of 2.3%, 2.4% respectively during the 13 th five-year plan period, with the average annual growth rate of 1.5% and 2.1% respectively during the 14 th five-year plan period, and with the average annual growth rate of 1.1% and 1.6% respectively during the 15 th five-year plan period respectively. 
Summary
In China, the developments of industries, especially the major energy intensive industries, have great influences on the medium and long term electricity demand. In this paper, the bottom-up modeling idea was utilized to build a medium and long-term electricity demand forecasting model, which contains 34 sectors including 33 industrial sectors and 1 resident sector. The model was utilized to forecast China's electricity demand of 2020, 2025 and 2030, and very detailed quantitative results were obtained. The results show that total electricity demand of China will be 7506, 9100, 10343 TWh in 2020, 2025 and 2030 respectively, the electricity demand growth of energy intensive industries is slow, and there is greater growth potential for non-energy intensive industries.
